ITl WAS inevitable that the many recent advances in cardiac diagnosis and surgery would shortly foster invasion of the heart chambers. Of equal certainty was the fact that chronic valvular disease of the heart, the most common intracardiac disorder, would be among the first conditions subjected to surgical consideration. That valvular disease is common and found universally is well known. Indeed, White' has estimated that 0.5 to 1.0 per cent of the community at large is affected, particularly in those areas where rheumatic fever is endemic, as in northeastern United States and northern Europe. The great majority of persons afflicted with rheumatic heart disease (up to 85 per cent) develop some degree of deforming valvular disease, the mitral valve being the most common site of involvement. Structural stenosis of the mitral valve is the most deforming end-result of rheumatic infection.
The prognosis of an individual case of mitral stenosis depends upon many factors: the age of the patient, the severity of the lesion, the presence or absence of other valve defects, the presence or absence of additional rheumatic activity, and the condition of the myocardium. The ultimate outcome, however, is almost invariably unfavorable once the stenotic change gives rise to a progressive pattern. Thus, when the diagnosis of early mitral stenosis has been established the cardiologist can picture and predict with considerable accuracy, both by From the Thoracic Surgical Services of the Episcopal Hospital and the Hahnemann Medical College and Hospital, Philadelphia, Pa.
Read at the Twenty-Second Scientific Session of the American Heart Association at Atlantic City, N. J., June 3 and 4, 1949. repeated physical examinations and observance of the patient's general condition, the structural and symptomatic phases through which a given case will pass. His treatment will at once be directed toward the prevention of further rheumatic insults and the support of a myocardium which is attempting to maintain adequate systemic circulation in the face of an increasing mechanical stricture. Under such circumstances both the cardiologist and the myocardium are fighting a losing battle. It is little wonder, therefore, that in his deliberations Sir Lauder Brunton2 as early as 1902 concluded that direct surgical incision of the stenotic valve provided the only logical method of interrupting the relentless chain of events attendant upon progressive mitral stenosis. Support of the myocardium by intelligent therapy has offered the only approach to date, but it is the treatment of the effects of disease rather than the alleviation of its mechanical cause. True, the ideal approach would be the elimination of the causative agent, rheumatic fever. Failing this, however, the correction of its disastrous cicatricial end result seems most logical. Pursuing this line of reasoning there followed years of sporadic research, both experimental and clinical. Early investigation was concerned with an experimental production of mitral stenosis and insufficiency, providing material for the study of physiologic pressure changes so produced.3 6 Although even to this day true mitral stenosis simulating the clinical form of the disease has never been duplicated, cicatricial constrictions of the mitral ring have provided a medium for the thorough evaluation of obstructive phenomena upon the pulmonary circulation and right side of the heart. COM1IJSSUIZOTO Because of the possible promise of recent surgical developments, one is forced to the conclusion that heart disease as a whole and mitral stenosis in particular must shortly be viewed by the cardiologist from an entirely new perspective. Thus the first signs of developing mitral stenosis demand immediate and repeated evaluation by all possible methods. Careful clinical examination and appraisal by an experienced cardiologist is obviously essential. The cardiologist's armamentarium has long included, in addition to subjective and auscultatory analysis: (1) electrocardiograms and sound recordings; (2) teleoroentgenograms, esophagograms, and fluoroscopy for an estimation of the size of individual heart chambers; (3) exercise tolerance tests; and (4) laboratory data for the detection of rheumatic activity. Such a program has been the standard means of determining the benefit derived from therapeutic measures. To this now must be added procedures for the detection of early physiologic changes. To evaluate cases for surgical intervention, there must be included (5) The normal mitral valve may be likened to a truncated cone of thin, flexible membrane. Its base is attached at the left atrioventricular ring, and its apex extends into the left ventricle. The apex and the outer surface of the apical half of this cone are suspended by numerous "guy wires" (chordae tendineae) attached to papillary muscles arising from the ventricular wall near the ventricular apex. The chordae tendineae are grouped more heavily in two areas of the mitral apex, at either side. These areas represent the anatomic fusion of the two components of the valve (an anteromedial and a postolateral leaf), and represent the corners of the apex upon which the leaves fold themselves. The apical portion of the valve cone is somewhat folded or flattened upon these points. When modified by rheumatic disease, these points of folding become the "commissures." The plane of flattening is oblique (with the patient in the supine position), running from the left anterolateral portion of the valve posteromedially. The anterior or anteromedial valve cusp is larger than the posterolateral, and is continuous with the posterior portion of the intracardiac aortic wall. During auricular systole the posterior or posterolateral cusp lies well away from the ventricular wall. During ventricular systole the ventricular wall may approximate and support it. Thus, mitral regurgitation is primarily a defect or dysfunction of the anteromedial valve cusp. A defect of the posterolateral cusp produces only "limited regurgitation," rather than an uncontrolled reflux of blood, as seen when a defect in the continuity of the anteromedial cusp prevents normal deflection of the ventricular output into the intracardiac aorta. The papillary muscles contract synchronously with the ventricle, drawing the chordae tendineae taut, thus preventing the valve leaflets from becoming inverted or displaced backward into the auricle. In rheumatic disease the mitral valve develops numerous minute cauliflower-like vegetations (1 to 2 mm. in diameter) in a row along the line of closure of the valve. Healing leads to the formation of scar tissue. With repeated infection and healing, there is gradual development of fibrosis, thickening, and narrowing and shortening of the apical portion of the valve cone. This scarring and narrowing may be very limited in extent to resemble merely a purse-string puckering of the valve orifice. In other instances, the disease involves one-fourth to three-fourths of the cone, leaving a flexible margin along its base ( fig. 1 ). In far-advanced disease the whole valve becomes a rigid, completely inflexible, often calcified structure resembling a hard, ovoid placque surrounding a small fish-mouth slit. Most physicians, and even many pathologists, think of such extreme deformity as classical and the rule in mitral stenosis. We have found this condition in only one of our 16 cases.
Usually mitral rheumatic disease hardens or fixes the apex of the mitral cone in the infolded or flattened position so that the commissures become an anatomic reality. Thus stenosis is produced, offering marked resistance to the passage of blood from the left auricle into the left ventricle. Some degree of regurgitation through the mitral slit during ventricular contraction is common. Not infrequently mitral rheumatic disease hardens and shortens the valve cone to a point where the leaves cannot be approximated. Such cases of predominant mitral regurgitation are less common than those predominantly stenotic, and at the present time are not amenable to surgical correction.
Mitral stenosis of any degree interferes with filling of the left ventricle, and thus with the maintenance of normal systemic cardiac output. Many such hearts are unable to increase their output over and above resting bodily requirements. Thus any appreciable amount of work will quickly cause patients with such hearts to become fatigued, dizzy, and even momentarily to lose consciousness. Concurrently, since the egress of blood from the left auricle is impaired, increased pressure within and great dilatation of this chamber results. The high intra-auricular pressure is transmitted to the entire pulmonary vascular system and thence to the right ventricle. A chronic pulmonary hypertension ensues, with nocturnal or exertional pulmonary edema (dyspnea), rupture of pulmonary capillaries (hemoptysis), and failure of the right side of the heart (enlarged liver, ascites, and peripheral edema). 3. The production of a communicating shunt between the pulmonary and systemic venous systems, thus affording a measure of relief to the hypertension within the left auricle, has some merit. An anastomosis between the azygos and pulmonary veins has been accomplished by Swveet23 with subjective relief of distressing pulmonary symptoms.
4. Both Harken and our group have produced interauricular septal defects to relieve the pulmonary hypertension of mitral stenosis. Such a venous shunt will reduce the hypertension and strain within the left auricle, and secondarily, the associated hypertension throughout the pulmonary vascular bed and right ventricle. We have obtained pressure readings within the pulmonary artery in certain cases of mitral stenosis which were higher than those within the aorta (150+ mm. Hg). Theoretically, a venous shunt should relieve strain on the entire lesser circulation, and one would anticipate relief of such symptoms as hemoptysis, acute attacks of pulmonary edema, and right-sided heart failure. It is probable that such an effect is accomplished to a degree.
Unfortunately, reduction in the left auricular pressure without enlargement of the mitral orifice results in a destruction of the compensatory mechanism which nature has set up to force blood through the narrowed mitral valve. With the production of such a shunt, the left ventricular output falls. It has been repeatedly stated that nature itself has produced a similar combination of defects in the form of Lutembacher's syndrome. Indeed, the syndrome does embrace both a mitral stenosis and a large auricular septal defect. In this instance it must be remembered that compensation has been established over many years by gradual changes in the heart and by a great increase in the total blood volume. These patients are said to do well, or at least somewhat better than those with "pure" mitral stenosis. Taussig,23 with reference to this syndrome, states that, "The blood so shunted" (through the auricular septal defect) "passes into the right ventricle and thence is pumped out through the pulmonary artery to the lungs and is again returned by the pulmonary veins to the left auricle. Thus, an excessive amount of blood is pumped around and around the lesser circulation; whereas the left ventricle, aorta, and systemic circulation receive less than their normal quota of blood. The right auricle and ventricle are enlarged. The pulmonary artery is usually twice the size of the aorta. The strain on the left auricle is relieved by the defect in the auricular septum. Therefore, the left auricle is not enlarged. The left ventricle is small." For a time, therefore, the strain on the left auricle and pulmonary vascular bed may be somewhat relieved, but only at the expense of producing a similar strain on the right ventricle, a condition equally serious. Again quoting Taussig, "The late development of cardiac difficulties" (in Lutembacher's syndrome) "occasionally occurs after a relatively minor illness. For example, a patient who has never been known to have any cardiac abnormality, after some slight illness may suddenly develop symptoms which lead to progressive heart failure." It would seem that any condition which causes such great pulmonary arterial and right ventricular enlargement can scarcely be considered desirable. Actually, on an average this defect terminates fatally when the subject is 40 years of age: slight, if any, improvement over longevity in uncomplicated mitral stenosis.
Indeed, the production of a venous shunt for mitral stenosis seems somewhat comparable to the production of an arterial shunt (systemic artery to pulmonary artery) for the treatment of congenital pulmonary stenosis. The production of an artificial ductus arteriosus is lifesaving in cases of severe pulmonary stenosis. Too large a shunt is promptly fatal, however, and any arterial shunt increases the load on the myocardium, leading to eventual cardiac enlargement. Helpful as these shunts have been, if a method of direct and successful attack upon the pulmonary stenosis were to become available, we have no doubt that all concerned would promptly embrace the more direct procedure. It would then be necessary, although perhaps not practicable, to recall these patients for the performance of direct valvular surgery and subsequent division of the artificially produced "patent ductus arteriosus." This would also be the case with the venous shunt. If such shunts are created to save life in the face of demonstrably superior direct valvular attack, we will soon be faced with the problem of repairing them. accomplished by palpating the valve with the valvulotome inserted through the auricular appendage. 5 . Commissurotomy: Commissurotomy is a term suggested to us by Dr. Thomas Durant of Philadelphia to designate the procedure which we have employed to re-establish a marked degree of normal mitral valve function. Our present operative technic is simplified and direct. It has been described in detail in a previous publication. Very briefly, it consists of an operative approach through the left anterior chest wall with the patient in the dorsal recumbent position. The pericardium is incised longitudinally one-half inch anterior to the phrenic nerve as it courses downward over the left lateral aspect of the heart. The huge distended auricular appendage now protrudes from the pericardial sac. A purse-string suture of heavy braided silk is passed about the appendage at its base. A Satinsky clamp is closed over the base of the appendage and a generous portion of its tip is amputated. Two gloves are worn on the right hand. An opening is made in the outer one on the palmar surface at the base of the index finger, and another at the tip. The blade of the commissurotomy knife is inserted between the gloves on the index finger ( fig. 2) , and the finger is inserted into the left auricle as the clamp is released and as the purse-string suture is pulled taut. The finger is well tolerated by the auricle and causes no disturbance to the circulating blood. The valve is quickly and easily located. Its structure can readily be appreciated; the size of the opening and the location of the commissures are determined. The knife is now protruded through the orifice and the hook is engaged upon the anterolateral commissure ( fig. 3) . A backward stroke usually divides the commissure adequately the first time. The finger again palpates the opening and gently dilates it. If the cut in the commissure does not extend well into normal tissue the backward stroke is repeated. In patients who have a rather soft valve orifice markedly diminished in cross-sectional area, simple opening of the lateral commissure is in our opinion sufficient. On the other hand, with a rigid, fixed, and sometimes calcified valve, incision of the medial commissure as well may be necessary.
incision of the commissures but without the advantage of simultaneous digital guidance.
The finger and knife are now deftly withdrawn from the auricle as the previously placed purse-string suture is drawn tight, preventing more than a few cubic centimeters of blood loss The suture is tied and the cut edge of the appendage is oversewn. There should be no dis-FIG. 4 . Narrow-bladed commissurotomy punch with trocar and cannula in whom it might be lifesaving. In this our thinking follows the line already established by Blalock and Taussig in their work on pulmonary stenosis. The day will undoubtedly come when an extracorporeal circulation will permit exclusion of the heart and lungs from active duty during intracardiae surgery. At that time it will be possible to open the heart widely and perform plastic procedures upon the valves and septa under direct vision. Such operations as commissurotomy will then become antiquated.
RESULTS OF COMMISSI-ROTOMY Our early results were discouraging, but faith improved selection of cases they have begun to show promise. A summary of our experience Hemoptysis in more than amounts necessary to stain the sputum is of grave import. Wolf and Levine32 point out that in their series of cases the average duration of life following the onset of severe hemoptysis is 35.5 months. Levine33 stated that the average duration of life following the initial attack of congestive failure is 4.6 years. The development of auricular fibrillation is usually permanent and irreversible. In this state thrombus formation not infrequently occurs along the endocardium of the dilated and relatively immobile auricular walls. Some 75 per cent of these occur within the lumen of the auricular appendage (left), a common site for the origin of arterial embolization.
It follows, then, that our contraindications would be: (1) SUMMARY Our entire experience with commissurotomy for mitral stenosis (8 cases) has been reviewed. There have been four very satisfactory results, one fair result, and three deaths. Had our present knowledge been applied to all cases, the mortality might havie been appreciably lower.
Commissurotomy is a simple, direct, effective, and safe procedure. Its exact surgical technic has been outlined.
Commissurotomy accomplishes relief of mitral stenosis by restoring considerable valve function without the production of additional mitral regurgitation.
Digital guidance in the performance of accurate valve surgery is essential until a method of direct vision becomes established.
The left auricular appendage is the most satisfactory avenue of approach to the mitral valve.
The auricular appendage must be ligated at the conclusion of the procedure to prevent arterial embolization. This may prove to be the proper approach to the management of arterial embolization in many cases of auricular fibrillation unassociated with mitral stenosis.
An appreciably enlarged left ventricle in a case of supposed "pure mitral stenosis" is indicative of some additional significant valve lesion (aortic stenosis or regurgitation, or mitral regurgitation) and is by our present criteria contraindicative to commissurotomy.
Study methods of value in addition to clinical evaluation embrace cardiac catheterization for determination of pulmonary vascular pressure, ballistocardiography, and other physiologic studies for the determination of cardiac output.
Venous shunts for the treatment of mitral stenosis are of some value, although their eventual effects upon cardiac output, the right ventricle, and the lesser circulation must be kept clearly in mind. 
